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Penentuan lokasi nukleus spinal saraf aksesori pada tikus 
albino 
MUZAMlVIIL ULLAH, OTHMAN MANSOR DAN ZUL IZHAR MOHD. ISMAa 
ABSTRAK 
PENGENALAN. Nukleus spinal saraf ak:sesori (SNA) adalah kumpulan somata neuron 
motor yang membekali otot stemokleidotnastoid (SCM) dan trapezius {TRAP). Terdapat 
banyak pandangan yang berbeza berhubung kedudukan memanjang dan topografi SNA 
walau dalam spesis yang sama. Kitamura & Sakai (1982) dan Matesz & Szekely (1983) 
telah menemui lokasi SNA pada tikus. Terdapat beberapa percanggahan di antara mereka 
berhubung kedudukan memanjang SNA dan lokasi somata neuronnya. Percanggahan 
penemuan tersebut telah mencetuskan penyelidikan ini pada tikus. 
TUJUAN PENYELIDIKAN. Tujuan dan objektif penyelidikan ini adalah seperti 
berikut: (1) Untuk menentukan lokasi nukleus spinal saraf aksesori pada tikus albino, (2) 
untuk menentukan hubungannya dengan kolum sel yang terletak bersebelahan 
dengannya, dan (3) untuk menentukan lokasi somata neuron motor yang membekali otot 
sternokleidomastoid dan trapezius di dalam nukleus tersebut. 
KAEDAH. 20 ekor tikus Sprague-Dawley (12 jantan, 8 betina) telah digunakan dalam 
penyelidikan ini. Tikus-tikus tersebut telah dibahagi kepada dua kumpulan, Kwnpulan-I 
dan Kumpulan-ll. Kumpulan I mengandungi 15 ekor tikus7 manak:ala Kumpulan-ll 
mengandungi 5 ekor tilrus. Bagi Kumpulan-I, SNA telah ditentuk:an lokasinya dengan 
menggunak:an teknik pengangk:utan aksonal retrograd peroksidase 'horseradish7 (HRP). 
Bagi Kumpulan IT, SNA telah ditentukan lokasinya dengan menggunakan teknik 
degenerasi retrograd menggunakan Tionin sebagai pewarnaan untuk granul Nissl. 
KEPUTUSAN DAN KESIMPULANo 
1. Secara memanjang, SNA telah ditemui lokasinya di bahagian kaudal (0.9 
hingga 1.2 m.m) medula oblongata, serta di sepanjang segn1en C-17 C-27 C-3, C-4, C-5 
dan satu per empat bahagian rostral segmen C-6 saraftunjang. 
2. Di bahagian kaudal medula oblongata7 SNA diwakili oleh kumpulan somata 
neuron yang terletak ventrolateral kepada fiber piramid yang berlalu di bahagian 
dorsolateral selepas dekusasi. 
3. Di saraf tunjang7 somata neuron motor SNA terletak di kolum dorsomedial 
{DM) dan sentral (CEN) pada C-1, di kolum DM, CEN dan ventrolateral (VL) pada C-2 
serta hanya di kolum VL pada C-37 C-4, C-5 dan satu per empat bahagian rostral C-6. 
4. Somata neuron motor yang membekali SCM terletak: di bahagian kaudal (0.9 
hingga 1.2 tnm) medula oblongata ventrolateral kepada fiber piramid yang berlalu di 
bahagian dorsolateral selepas dekusasi. Ia juga terletak di kolum DM dan CEN pada C-1 
di kolum DM, CEN dan VL pada C-2 serta hanya di kolum VL di tiga per empat 
bahagian rostral C-3. 
5. Somata neur~n mot~r TRAP terletak hanya di kol~ VL di tiga per empat 
bahagian kaudal C-2, dt sepanJang C-3, C-4 dan C-5 serta dt satu per empat bahagian 
rostral C-6. 
Localization of the spinal nucleus of accessory nerve in 
the ·albino rat 
1\'IUZAMMIL ULLAB, OTBl\'IAN :MANSOR AND ZUL IZHAR MOHD. ISMAIL 
ABSTRACT 
INTRODUCTION. The spinal nucleus of accessory nerve (SNA, hereafter) is the 
group( s) of motor neuron somata that supply the sternocleidomastoid (SCM) and 
trapezius (TRAP) muscles. There are many conflicting views regarding the longitudinal 
extent and topography of the SNA even 1n the same species. Kitamura & Sakai (1982) 
and Matesz & Szekely (1983) located the SNA in rat. There is some disagreement among 
them regarding the longitudinal extent of the SNA and location of its neuron somata. 
These disagreements prompted the present investigation in rat. 
AIMS OF TA ~:STUDY. The aims and objectives oft.h.e study were as follows: (1) To 
investigate the location of the spinal nucleus of accessory nerve in albino rat, (2) to find 
out its relationship with neighbouring cell columns, and (3) to investigate wit}lin the 
nucleus, the locations of motor neuron somata supplying the sternocleidomastoid and 
trapezius muscles. 
MATERIALS AND METHODS .. 20 Sprague-Dawley rats (12 males, 8 females) were used 
in the study.The animals were divided into two groups, Group-! and Group-IT. Group-! included 
15 rats and Group-IT included 5 rats. In Group-!, the SNA was localized by retrograde axonal 
transport of HRP (Horseradish peroxidase) technique. In Group II, the SNA was localized by 
Retrograde degeneration technique using Thionine as stain for Nissl granules. 
RESULTS AND CONCLUSIONS. 
1. Longitudinally, the SNA was located in the caudal part (caudal 0.9 to 1.2 mm) 
of Medulla oblongata, and the whole lengths of C-1, C-2, C-3, C-4, C-5 and the rostral-
fourth of C-6 segments of the spinal cord. 
2. In the caudal part of the medulla oblongata, the SNA was represented by a 
group of neuron somata lying immediately ventrolateral to the pyramidal fibres that were 
passing dorsolaterally after their decussation. 
3. In the spinal cord, the motor neuron somata of SNA were located in dorsomedial 
(DM) and central (CEN) columns at C-1, in DM, CEN and VL (ventrolateral) columns at 
C-2 and in VL colwnn only at C-3, C-4, C-5 and rostral-fourth ofC-6. 
4. The motor neuron somata supplying the SCM were located in the caudal part 
(caudal 0.9 to 1.2 mm) of medulla oblongata ventrolateral to the- pyramidal fibres that 
were passing dorsolaterally after their decussation. They were also located in DM & CEN 
columns at C-1, in DM, CEN & VL columns at C-2 and only in VL column at the rostral 
three-fourths of C-3. 
5. The motor neuron somata of TRAP were located in the ventrolateral column 
(VL) only in the caudal three-fourths of C-2, in the whole lengths of C-3, C-4 and C-5, 
and in the rostral fourth ofC-6. 
(b) Senaraikan Kata Kunci yang digunakan di dalam abstrak: 
Bahasa Malaysia Bahasa Inggeris 
N ukleus spinal Spinal nucleus 





Granul Nissl Nissl granules 
Saraf tunjang Spinal cord 
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FINAL REPORT 
Localization of the spinal nucleus of accessory nerve in 
the albino rat 
MUZAMJ.\fiL ULLAH, OTHMANMANSOR AND ZULIZHARMOHD .. ISMAIL. 
ABSTRACT 
The spinal nucleus of accessory nerve (S~ hereafter) is the. group(s) of motor neuron. 
somata that supply the sternocleidomastoid (SCM) and trapezius (TRAP) muscles. There are 
many conflicting views regarding. the longitudinal extent and topography of the SN A even in the 
same species. These disagreements prompted the present investigation. 
20 Sprague-Dawley rats (12 males, 8 females) were used in the study. The animals were 
divided into two groups, Group-1 and Group-IT. Group-I included 15 rats and Group-ll included 
5 rats. In Group-~ the SNA was. localized by retrograde. axonal transport of HRP (Horseradish. 
peroxidase) technique. In Group IT, the SNA was localized by retrograde degeneration technique 
using thionine as stain for Nissl granules. 
Longitudinally, the SNA was found to be located in the caudal part (caudal 0.9 to 1.2 
mm) of Medulla oblongata, and the whole lengths of C-1, C-2, C-3, C-4, C-5 and the rostral-
fourth of C-6 segments. of the spinal cord. In. the caudal part of the. medulla oblongata, the SNA 
was represented by a group of nemon somata lying immediately ventrolateral to the pyramidal 
fibres that were passing dorsolaterally after their decussation. In. th~ ~pip~l ~0rd,; ~ motor n~l.!!on 
somata of SNA were located in dorsomedial (DM) and central (CEN) columns at C-1, in DM., 
CEN and VL {ventrolateral) columns at C-2 and in VL column only at C-3, C-4, c~s and rostral-
fourth of C-n. ThP. motor nenrnn somabt sunohnng the SCM were located in the caudal part 
(candal 0..9 to 1.2 mm) of medulla oblong;t~ ;,entrnhtteral tn t~e pyramidal fibres. that were. 
passing dorsolaterally after their decussation. They were also located in DM & CEN columns at 
C-1, in D~ CEN & VL columns at C-2 and only in VL co]umn at the rostral thr.ee-fnmths ofC-
3. The motor neuron somata of TRAP were located in the ventrolateral column (VL) only in the 
caudal tlu'ee-fourths of C-2, in. the whole lengths of C-~, C-4 and C-5, and in. the rostral. fourth of 
C-6. 
INTRODUCTION 
The spinal nucleus ofaccessoty nerve (SNA, hereafter) is the group(s) of motor neuron 
somata that supply the sternocleidomastoid (SCM) and trapezius (TRAP) muscles.The SNA has 
been investigated in experimental animals by many workers using different techniques. ( e.g. 
retrograde axonal transport of HRP by Kitamura and Sakai, 1982; retrograde cobalt labeling by 
Matesz & Szekely,~983; re~ograde transport of fluorescent tracer by Clavenzani et al.,l994; 
retrograde degeneration technique by Ullah & Salman, 1986) 
lO 
The SNA has also been identified in human embryos by Pearson (1938) and in 
human cadavers by Routal and Pal (2000) but their works lack experimental support. 
There are many conflicting views regarding the longitudinal extent and 
topography of the SNA even in the same species. Flieger (1964) in sheep, Augestine and 
White (1986) in Japanese baboon, Ueyama et al. (1990) in monkey, illlah and Salman 
(1986) in rabbit etc. have localized the SNA in the caudal part of medulla oblongata and 
upper cervical segments of spinal cord. Satomi et al. (1985) in cat, Jep..ny et al. (1988) in 
monkey, Clavenzani et al. (1994) in sheep etc. have localized the SNA in the upper 
cervical segments of spinal cord only. 
Dubois and Foley (1936), Holomanova et al. (1972), Augustine & White (1986) 
etc. have found that the SNA in made of only one group of netiron somata. Flieger 
( 1964 ), Szteyn ( 1961 ), Clavenzani et al. ( 1994) etc. have found that the SNA is made of 
two groups of neuron somata, (dorsal and ventral groups). Liinamaa et al. ( 1997) have 
found three groups of motor neuron somata in SNA. 
Kitamura & Sakai (1982) and Matesz & Szekely (1983) located the SNA in rat. 
There is some disagreement among them regarding the longitudinal extent of the SNA 
and location of its neuron somata. Kitamura & Sakai (1982) found them in the upper 
cervical region of spinal cord forming three longitudinal columns, column M, column L 
and column 5. Matesz and Szekely (1983) located them in the caudal part of the medulla 
oblongata and in C-1 to C-6 segments of spinal cord forming three columns, medial, 
lateral and ventral. These disagreements prompted the present investigation in rat. 
AIMS OF THE STUDY 
The aims and objectives of the study were as follows: (1) To investigate the location 
of the spinal nucleus of accessory nerve in albino rat, (2) to find out its relationship with 
neighbouring cell columns, and (3) to investigate within the nucleus, the locations of 
motor neuron somata supplying the sternocleidomastoid and trapezius muscles. 
MATERIALS AND METHODS 
20 Sprague-Dawley rats (12 males, 8 females) were used in the study. The 
animals were divided into two groups, Group-I and Group-II. Group-I included 15 rats 
and was further divided into three sub-groups, IA, m and IC of 5 rats each. Group-ll 
included 5 rats. All experiments were done on the right side whereas the left side was 
used as the control. 
GROUP-I: 
Under general anaesthesia (30 mg. per Kg of Nembutal sodium solution 
' intraperitoneally) and aseptic condition~, the right stem~cleidomastoid (SCM) or right 
trapezius (TRAP) or both were exposed tn the neck and etther of the two muscles or both 
were injected 0.05 ml of 30% horseradish peroxidase (HRP~ Sigma type VI) solution as 
per details given in Table-I 
I I 
Table I. Table showing the amount ofHRP solution injected into SCM, TRAP or both. 
Group No. of animals Muscle(s) injected Amount ofHRP solution 
IA Five Right SCM and 0.05 ml of30% HRP in 
(3 males, 2 females) Right TRAP each muscle 
IB Five Right SCM 0.05 ml of30% HRP 
... 
(3 males, 2 females) 
IC Five Right TRAP 0.05 ml of30% HRP· 
(3 males, 2 females) 
After 48 hours of survival, the animals were re-anaesthetised and, perfused 
transcardially (through left ventricle), first with normal saline at room temperature, 
then with 1.25% gluteraldehyde and 1% paraformaldehyde in 0.1 M phosphate buffer at 
pH 7.4 at room temperature, and finally, with 10% sucrose in the same buffer at 4 
degrees C. 
After perfusion, the medulla oblongata and the 1st, 2nd, 3rd, 4th, 5th, and 6th cervical 
segments of spinal cord were removed by dorsal approach, placed in above sucrose buffer 
solution at 4 degrees C for 24 hours. Thereafter, their serial transverse section were cut in 
a cryostat at 60 micrometers. 
The sections were collected in the above phosphate buffer without sucrose and treated 
according to tetramethyl benzidine (Tivffi)-HRP method ofMesulam (1978). 
GROUP-ll 
Included 5 rats (3 males, 2 females). Under general anaesthesia ( 30 mg per Kg 
Nembut3l sodium, intraperitoneally) and aseptic conditions, the trunk of the right 
accessory nerve (before it supplies the SCM and TRAP muscles) was exposed in the neck 
and a portion removed to prevent re-union. After 21 to 28 days of post-operative survival, 
the animals were kille~ their circulation flushed with normal saline and perfused with 
10% formal-saline at a pressure of 120 mm Hg. 
After perfusion, the medulla oblongata and the tst, 2nd, 3rd, 4th, 5th and 6th 
Cervical segments of spinal cord were removed by a dorsal approach, st:parawd from 
each other, embedded in paraffin wax and their serial transverse sections cut at a 
thickness of 40 micrometers. The sections were mounted on slides and stained with 
thionine. 
The sections were examined microscopically to identify the chromatolysed 
neuron somata and to compare the experimental right side with the control left side. From 
the serial transverse sections, a reconstruction was made of the the longitudinal cell 
columns of the ventral grey hom of the spinal cord using the method of Elliott (1942) in 
which a series of sections are summated. 
RESULTS 
The cell columns found on reconstruction from the serial transverse sections are 
shown in Figure 1. The results of the present study were as follows (Figures 1-24): 
(A) The locations of HRP labeled ne~on somata in animals of group IA ( in 
which HRP was injected in both SCM & TRAP muscles) and the chromatolysed neuron 
somata in animals of group IT ( in which the trunk of accessory nerve was cut in the neck) 
were identical and were as follows (Figures 1, 2, 22,23 and 24): 
1. They were located in the caudal part (caudal 0.9 to 1.2 nun) of medulla oblongata, 
the whole lengths ofC-1, C-2, C-3, C-4 and C-5 and the rostral-fourth ofC-6. 
2. In the medulla oblongata, they were located at a site immediately ventrolateral to 
the pyramidal fibres (that were passing dorsolaterally after their decussation). 
3. In C-1, they were located in the dorsomedial (DM) and central (CEN) columns of 
the ventral grey hom. 
4. In C-2, they were located in three columns, the dorsomedial (DM), central (CEN) 
and ventrolateral (VL) columns. 
5. In C-3, C-4, C-5 and rostral-fourth ofC-6, they were located in the ventrolateral 
(VL) column. 
(B) In animals of Group IB {in which HRP was injected into SCM only), the 
locations ofHRP labeled neuron somata were as follows (Figure 2): 
1. They were located in the caudal part (caudal 0.9 to 1.2 mm) of Medulla oblongata, 
the whole lengths ofC-1 and C-2 and rostral three-fourths ofC-3. 
2. In the medulla oblongata, they were located at a site immediately ventrolateral to 
the pyramidal fibres (that were passing dorsolaterally after their decussation). 
3. In C-1, they were located in dorsomedial (DM) and central (CEN) columns. 
4. In C-2, they were located in three columns, dorsomedial (DM), central (CEN) and 
ventrolateral (VL). 
5. In the rostral three-fourths ofC-3, they were located in the ventrolateral (VL) 
colwnn. 
(C) In animals of Group IC (in which the HRP was injected into TRAP only), the 
HRP labeled neuron somata were located in the ventrolateral column (VL) only in caudal 
three-fourths ofC-2, the whole lengths ofC-3, C-4 and C-5 and the rostral-fourth ofC-6 
(Figure 2). 
The HRP labeled and chromatolysed neuron somata referred above were observed 
on the right (experimental) side only and were absent on the control left side. 
CONCLUSIONS 
As a result of this study, the following conclusions were drawn: 
1. Longitudinally, the SNA was located in the caudal part (caudal 0.9 to 1.2 mm) 
of Medulla oblongata, the whole lengths of C-1, C-2, C-3, C-4 and C-5 and the rostral-
fourth ofC-6. 
. 2. In the caudal part of the Medulla oblongata, the SNA was represented by one 
group of neuron somata lying immediately ventrolateral to the pyramidal fibres that were 
passing dorsolaterally after their decussation. 
3. In the spinal cord, the neuron somata of SNA were located in two longitudinal 
cell columns (DM & CEN) at C-1, three longitudinal cell columns (DM, CEN & VL) at 
C-2 and in only one longitudinal cell columns (VL) at C-3, C-4, C-5 and rostral-fourth of 
C-6. 
4. The motor neuron somata supplying the SCM were located in the caudal part 
(caudal 0. 9 to 1.2 mm) of medulla oblongata immediately ventrolateral to the pyramjdal 
fibres that were passing dorsolaterally after their decussation. They were also located in 
two longitudinal cell columns (DM & CEN) at C-1, three longitudinal cell columns (DM, 
CEN & VL) at C-2 and in only one longitudinal cell columns (VL) at rostral three.:. fourths 
ofC-3 of spinal cord. 
5. The motor neuron somata of TRAP were located in the ventrolateral column 
only in the caudal three-fourths ofC-2, the whole lengths ofC-3, C-4, C-5 and the rostral 
fourth ofC-6. 
DISCUSSION 
LONGITUDINAL EXTENT OF SNA 
There is disagreement regarding the longitudinal extent of the SNA in various 
species of mammals. 
It has been located in the· caudal part of medulla oblongata and upper cervical 
segments by Flieger (1964) in sheep, (1966) in horse, (1967) in cow, Matesz and Szekely 
(1983) in rat, Ullah and Salman (1986) in rabbit, Augustine and White (1986) in Savanna 
baboon, Ueyama et al. (1990) in Japanese monkey and by Routal and Pal (2000) in 
human cadaver. The results of the present study are in agreement with the above 
investigators because in the present study also the SNA was found to be located in the 
caudal part of medulla oblongata and upper cervical segments of spinal cord. 
Pearson (1938) in human embryo, Romanes (1941) in rabbit, Holomanova et al. 
(1972) in cat, Ruminska-Kowalska et al. (1976) in dog, Kitamura and Sakai (1982) in rat, 
Satomi et al. (1985) in cat, Jenny et al. (1988) in monkey, Clavenzani et al. (1994) in 
sheep, Liinamaa et al. ( 1997) in feline located the SNA only in the cervical segments of 
spinal cord and the results of present study are in disagreement with them because in the 
present study the SNA was located in both the upper cervical segments of spinal cord and 
medulla oblongata. 
TOPOGRAPHY OF SNA 
Dubois and Foley (1936) in cat, Pearson (1938) in human embryo, Romanes 
(1941) in rabbit, Holomanova e~ al. (1~72) inca~, Ruminska~Kowalska et al. (1976) in 
dog, illlah and Salman (1986) tn rabbit, Augusttne and White {1986) in baboon, and 
Routal and Pal (2000) in human cadavers, reported only one group of neuron somata 
representing the SNA. The results of the present study are not in agreement with them in 
this respect because in the present study three longitudinal groups of neuron somata were 
found to represent the SNA. 
The Results of the present study are also in disagreement with Flieger (1964}, 
Flieger (1966), Flieger (1967, Flieger (1970), Clavenzani et al. (1994) who found two 
groups of neuron somata representing SNA. 
Kitamura and Sakai (1982) in rat, Matesz and Szekely (1983) in rat and Liinamaa 
et al. { 1997) in feline found three longitudinal cell columns represeJ!ting the SNA. 
Kitamura and Sakai (1982) located the motor neuron somata of SCM and TRAP muscles 
by retrograde axonal transport of HRP method in rat. Their cell columns G 1 correspond 
to VM column, G2 correspond to CEN column and G4, G5, G6 correspond to VL column 
of the present study. They located HRP labeled neuron somata of SNA in G 1 (VM) at C-
1, in G2 (CEN) and G6 (VL) at C-2, in G6 (VL) at C-3, in G5 (VL) at C-4, in G4 (VL) at 
C-5, and in C4 (VL) at rostral halfofC-6. The results ofthe present study in spinal cord 
are nearly in agreement with Kitamura and Sakai except that in the present study the 
central column (CEN) containing SNA motor neuron somata was also found in the caudal 
three-fourths of C-1. The major disagreement with Kitamura and Sakai is the fact that in 
the present study the SNA was located in the caudal part of medulla oblongata also but 
they did not find the SNA there. 
From the above description, it is evident that Kitamura and Sakai (1982) found in 
rat that the rostral part of SNA is located in the medial part of ventral grey hom (in their 
columns G1 and G2) whereas its caudal part was located in the lateral part of this hom 
(in ventrolateral column). A more or less similar fmdings were also reported in rat by 
Matesz and Szekely (1983) and in cat (Tsuruyama, 1939; Holomanova et al. , 1972), 
sheep (Romanes, 1940; Flieger, 1964), rabbit (Romanes, 1941; Ullah and Salman, 1986), 
horse and cow (Flieger, 1966, 1967) though there is a little difference among these 
species as to the degree and level at which the positional shift occurs. In general the 
present study is also in agreement with these investigators because in the present study 
also a more or less similar positional shift of neuron somata }VaS observed. In the present 
study it was observed that in the rostral-fourth of C-1, the SNA was located in the 
ventromedial column, in caudal three-fourths of C-1, it was in ventromedial and central 
columns, in C-2 it was in ventromedial, central and ventrolateral columns and in C-3 to 
C-6, it was in ventrolateral column only. 
Matesz and Szekely (1983) located the SNA in rat by cobalt labeling (using · 
cobaltic lysine complex solution) and found three longitudinal cell columns containing 
cobalt labeled neuron somata. They were (1) medial, (2) lateral, and (3) ventral. Their 
Medial column began at the level of pyramidal decussation in medulla oblongata and 
terminated at C-2, their lateral column was found in the ventrolateral part of ventral horn 
and extended from C-2 to C-6, and according to them, their ventral column was not 
easilydistinguished from the ventral colwnn and was made of thin thread of neurons 
lying ventral to lateral column. It also extended from C-2 to C-6. Their medial column 
correspond to the VM column in C-1 and C-2 and their lateral and ventral columns 
combine together correspond to the neuron somata of SNA observed in VL column of the 
Is-
present study. However, no continuity was observed between the ventromedial column 
and the group of neuron somata of SNA observed in the medulla oblongata in the present 
study. Matesz and Szekely (1983) also observed a few intersposed labeled neuron somata 
between their medial and lateral columns. These interposed somata correspond to Neuron 
somata observed in the the central ( CEN) column of the present study. 
LOCATION OF STERNOCLEIDOMASTOID AND TRAPEZIUS MOTOR 
NEURON SOMATA WITHIN THE SNA 
.. 
There are only a few reports regarding the locations of sternocleidomastoid 
(SCM) and trapezius (TRAP) motor neurons within the SNA. 
In rat, Kitamura and Sakai (1982), found that the location of SCM motor neuron 
somata in C-1, C-2 and C-3, and TRAP motor neuron somata in C-2 (caudal half), C-3, 
C-4, C-5 and C-6 (rostral half). They did not fmd SCM motor neuron somata in the 
medulla oblongata. Regarding the longitudinal extents of motor neuron somata of SCM 
and TRAP, the findings of the present study are in disagreement with them because in the 
present study the SCM motor neuron somata were found to be located in the caudal part 
of medulla oblongata, in whole lengths of C-1 and C-2 and rostral three-fourths of C-3 
and TRAP motor neuron somata in caudal three-fourths ofC-2, whole lengths ofC-3, C-
4, C-5 and rostral-fourth of C-6. Kitamura and Sakai (1982) found that the SCM motor 
neuron somata were located in their column-M (corresponding to ventromedial and 
central columns of present study) and in columns Land 5 (corresponding to ventrolateral 
column of present study) and that the TRAP motor neuron somata were located in their 
columns L and 5 (corresponding to ventrolateral column of present study). Regarding the 
sites of locations of motor neuron somata of SCM and TRAP in the spinal cord, the 
results of the present study are in agreement with the above observations of Kitamura and 
Sakai (1982). 
J 
It is known that sternocleidomastoid (SCM) has two parts, sternomastoid {SM) 
and cleidomastoid (CM) and trapezius has three pRfts, cleidotrapezius (CT), 
acromiotrapezius (AT) and spinotrapezius (ST). All parts of sternocleidomastoid and 
trapezius are innervated by motor neuron somata of spinal nucleus of accessory nerve 
(SNA) which has been located in rat in the present study. However, there is some 
controversy as to whether all fibres arising from neuron somata of SNA pass through 
accessory nerve or some of them also pass through cervical spinal. nerves. There are 
many conflicting reports on the presence or absence of motor innervation of SCM and 
TRAP through the cervical spinal nerves. Kitamura and Sakai (1982) reported that the 
eM part of SCM and all three parts of TRAP receive double motor innervation, that is, 
through the accessory nerve and through ventral rami of cervical spinal nerves. 
According to them, the motor fibres of the cervical part of accessory nerve arise from 
their columns MandL and of the cervical spinal nerves arise from their column-5. Russel 
(1897) and Sherrington (1898) _in mo~ey and Straus ~nd Howell (1?36) in chimpanzee 
and dog reported that the cervical spmal nerves contnbuted motor Innervation to SCM 
and TRAP but Corbin and Harrison (1938) and Rapoport (1978) denied it in the cat. 
Motor innervation of TRAP through cervical spinal nerves was reported by Sternberg 
IG 
(1898) in monkey and by Brodal (1969) in human. Yashizaki (1961) in human and 
rabbit, Lesbre and Maignon (1908) in dog and Kumaki (1970) in rat reported that the 
cervical spinal nerves contribute motor innervation to SCM whereas it was denied by 
Chauveau (1891) in horse, Sternberg (1898) in monkey and Lesbre and Maignon (1908) 
in cow and horse. However, in the present study the SNA was fully localized but it was 
not investigated as to whether the SNA sends fibres to SCM and TRAP through the 
accessory nerve only or through both accessory nerve and cervical ventral rami. 
Matesz and Szekely (1983) investigated the SNA in rat but did not locate the 
SCM and TRAP motor neurons somata within the SNA. 
In monkey, rabbit and rat, Karim and Nab (1981) found that the SCM motor 
neuron somata chiefly occupied a medial position in the ventral grey hom of the upper 
cervical segments of spinal cord and TRAP motor neuron somata were located at the 
lateral part of this hom at a more caudal level of cervical spinal cord. They did not find 
any SCM motor neuron somata in the medulla oblongata. Regarding the location of SCM 
motor neuron somata, the findings of the present study do not agree with Karim et al. 
(1981) because in the present study the motor neuron somata of SCM were found to be 
located in medulla oblongata and the VM, CEN and VL columns of spinal cord. The 
fmdings of the present study are in agreement with them regarding the location of motor 
neuron somata of TRAP because in the present study, the TRAP motor neuron somata 
were located in the ventrolateral column (VL) situated in the lateral part of ventral grey 
hom. 
The findings of the present study are in disagreement with Satomi et al. (1985) 
who found in cat that the SCM motor neuron somata were located in C-1 to C-3 only 
whereas in the present study, they were located in medulla oblongata also. Regarding the 
location of _TRAP motor neuron somata, the present study is nearly in agreement with 
Satomi et al. who found them located chiefly more caudally as compared to SCM motor 
neuron somata. 
I 
The results of present study are in agreement with Ueyama et al (1990) who found 
in monkey that the SCM motor neuron somata were located in the medulla oblongata and 
upper three cervical segments and TRAP motor neuron somata were located in C-2 to 
C-6. 
In feline, Liinamaa et al. ( 1997) found three motor nuclei laminated 
mediolaterally representing sternomastoid (SM), cliedomastoid (CM) and trapezius 
(TRAP) respectively. They found SM and CM in upper cervical segments and TRAP in 
C-1 to C-6. The results of the present study in rat are in disagreement with Liinarnaa et 
al. 
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Figure 1. 
Diagram showing the transverse sections of 
the caudal end of medulla oblongata (M.O.), 
middle of 1st (C-1 ), 2nd (C-2), 3rd (C-3), 4th (C-4) 
and Sth (C-5) cervical segments and rostral part 
of 6th (C-6) cervical segment of spinal cord. 
(C=central canal; P=pyramidal fibres; 
A=location of motor neuron somata of SNA in 
medulla oblongata; DM=dorsomedial column; 
VM=ventromedial column; VL=ventrolateral 
column; DL=dorsolateral column; CEN=central 
column. SolidFateas indicate the locations of 












Figure 2. Diagram showing the longitudinal extents of the locations of motor neuron somata of the 
sternocleidomastoid (SCM) shown as solid black areas and trapezius (TRAP) shown as striped area. 
(A = location in lower part of medulla oblongata; C-1 to C-6 = First to sixth cervical segments of the spinal 
cord; OM = Dorsomedial column; VL = Ventrolateral column; CEN = Central column 
Fig ure 3. Photomicrograph showing the 
location of HRP labeled neuron somata of SCM 
in dorsomedial (OM) column at C-1. (C=central 
canal) 
Fig ure 5. Photomicrograph showing the location of 
HRP labeled neuron somata of SCM in dorsomedial 
(OM) and central (CEN) columns at C-1. 
Figure 4. Photomicrograph showing the 
location of HRP labeled neuron somata of SCM 
in dorsomedial (OM) column at C-1 . 
Figure 6. Photomicrograph showing the location of 
HRP labeled neuron somata of SCM in dorsomedial 






Figure 7. Photomicrograph of a transverse section of the 
spinal cord showing the location of HRP labeled neuron 
somata of SCM in the central (CEN) and ventrolateral (VL) 
columns at C-2. 
Figure 8. Photomicrograph of a transverse section of the 
spinal cord showing the location of HRP labeled neuron 
somata of SCM in the central (CEN) and ventrolateral (VL) 
columns at C-2 ( C = Central canal). 
Figure 9. Photomicrograph of a transverse section of the 
spinal cord showing some neuron somata of dorsomedial 
(OM) and ventromedial (VM) columns at C-1 ( Thionine 




Figure 10. Photomicrograph of a transverse section of 
the spinal cord showing some neuron somata of the 
dorsomedial (OM), ventromedial (VM), ventrolateral (VL), 
and central (CEN) columns at C-2 ( Thionine stain; C = 
Central canal). 
Figure 11. Photomicrograph of a transverse section of 
spinal cord showing a highly chromatolysed neuron 
soma (Ch) of SNA in the ventrolateral (VL) column at C-2. 
Figure 12. Photomicrograph of a transverse section of 
spinal cord showing HRP labeled neuron somata of 
trapezius in the ventrolateral column (VL) at C-3. 
